Background: We examined the association between single nucleotide polymorphisms (SNPs) in loci encoding surfactant protein A (SFTPA) and risk of wheeze and persistent cough during the first year of life among a cohort of infants at risk for developing asthma.
Background
Wheeze and persistent cough in infants are serious respiratory symptoms that can be triggered by respiratory infections and/or a variety of environmental exposures [1] [2] [3] . Surfactant protein A (SFTPA) is an abundant, multifunctional protein that is secreted by airway epithelial cells and functions as part of the innate immune response. SFTPA may be critical in protecting the lungs from infectious agents and environmental exposures early in life before the acquisition of specific immunity. SFTPA neutralizes respiratory viruses such as influenza and respiratory syncytial virus (RSV) [4, 5] . SFTPA also enhances the uptake of bacteria and viruses by phagocytes [6] [7] [8] . In addition to its role in protecting the lungs from microorganisms, SFTPA has other important immunomodulatory functions including binding aeroallergens [9] .
SFTPA's role in protection of the lungs has led to exploration of potential links between SFTPA and diseases of the respiratory tract in infants and young children. Polymorphisms within SFTPA1 and SFTPA2, two functional, highly homologous SFTPA genes [10] [11] [12] have been linked to respiratory distress syndrome in infants [13] [14] [15] , severe RSV bronchiolitis [16] , and otitis media [17, 18] . In the present study, we used a candidate gene approach to investigate whether polymorphisms within the SFTPA1 and SFTPA2 genes were associated with wheeze and persistent cough during the first year of life among a prospective birth cohort at risk for developing asthma.
Methods

Cohort
Between September 1996 and December 1998, we invited women delivering babies in six hospitals in Connecticut and Massachusetts to participate in a longitudinal study of asthma development if they had at least one other child at home under 12 years of age with physician-diagnosed asthma. Infants enrolled in the cohort were considered at risk for asthma due to their asthmatic siblings. We provide a full description of the methods elsewhere [2, 19] .
Of the 1,002 infants originally enrolled, respiratory symptom data were available for the first year of life for 889. Between the third and fifth year of participation, we made a second visit to the home to collect a blood sample from our cohort subjects. The current analyses are based on a convenience sample of 355 for whom whole blood and complete respiratory symptom data were available. Nucleotide changes at amino acid (aa) 19, aa 62, and aa 133 in SFTPA1, and aa 223 in SFTPA2 were significantly associated with ethnicity. To prevent identification of invalid associations due to population stratification, we restricted our haplotype analyses to the ethnic group with the largest number of subjects (221 white infants). The Yale Human Investigations Committee and institutional review boards at each participating hospital reviewed and approved the study.
Data collection
A research assistant visited the home within 4 months of the infant's birth in order to describe the study to the infant's mother, obtain written informed consent, and administer a standardized questionnaire. We collected household demographic data including maternal race and ethnicity, education and number of children; detailed information regarding infant care (e.g. breastfeeding and daycare use); and maternal health status (e.g. self-reported history of allergies or physician-diagnosed asthma). Infant respiratory symptoms were collected during quarterly telephone interviews at 6, 9 and 12 months of age at which time each mother reported on her infant's respiratory symptoms (number of symptom-days per month of wheeze or persistent cough) and doctor or clinic visits (month and year of visit, reason for visit, and diagnosis). Around the time of the infant's first birthday, the mother completed an additional phone questionnaire covering her infant's health status during the previous year.
Genotyping of SFTPA genes DNA was extracted from whole blood using the QIAamp DNA blood minikit (Qiagen) according to the manufacturer's instructions. We used sequence specific primer-PCR methodology to genotype the SNPs at aa 19, aa 50, aa 62, aa 133, and aa 219 in SFTPA1 and aa 9, aa 91, aa 223 in SFTPA2 [20] . We used PCR based cRFLP as described by DiAngelo et al.
[21] to detect polymorphisms in SFTPA2 at aa 140.
Data analysis
Outcomes of interest were respiratory symptom frequency in the first year of life categorized as none or as 1 to 7, 8 to 14, 15 to 21, 22 to 28, or more than 28 days of persistent cough or wheeze. Between 1 and 6 months of symptom information were missing for 18 infants. Data from these infants were included in analyses based on their symptom rates. All other infants had 12 months of complete symptom data. Unadjusted associations between respiratory symptoms and selected study characteristics, SNPs, and individual SFTPA1 or SFTPA2 alleles were evaluated with tests for linear trend (Cochran-Armitage or Somers' D statistic). For statistical tests involving SNPs, frequencies for the minor homozygous allele and heterozygous alleles were combined and compared to the dominant homozygous group. Observed SNP frequencies were tested for Hardy-Weinberg equilibrium by χ 2 analyses. We examined pairwise linkage disequilibrium with r 2 measures ( Fig. 1 ) using PROC ALLELE of the SAS/Genetics module of SAS version 9.1 [22] . Allele haplotypes for SFTPA1 and for SFTPA2 were assigned and examined for linkage disequilibrium using PROC HAPLOTYPE [22] . We examined the association between haplotype and respiratory symptom frequency (as categorical variables) using ordered logistic regression. Separate analyses were conducted for each symptom and each haplotype compared to all other haplotypes. We estimated the effect of uncertainty in haplotype assignment using a regression calibration technique [18, 23] and the SFTPA1 and SFTPA2 haplotype probabilities obtained from PROC HAPLOTYPE. As described previously [18] , this technique involved first creating 100 separate haplotype data sets by randomly assigning subject haplotypes based on each subject's haplotype probabilities. Next, 100 separate ordered logistic regression models with coefficient and variance estimates (β i and σ 
Results
Close to half of the 221 infants in our study experienced persistent cough (51%) or wheeze (46%) during their first year of life (Table 1) . Thirty-two percent of the infants experienced from 1 to 28 days of persistent cough, 19% experienced more than 28 days of persistent cough during their first year; 36% experienced 1 to 28 days of wheeze and 10% experienced more than 28 days of wheeze during their first year of life. Male infants and infants of asthmatic mothers were more likely to experience persistent cough and wheeze during their first year of life (Table 1) . We did not find significant associations with either persistent cough or wheeze and maternal allergies, age daycare attendance began, number of months of breastfeeding, or exposure to environmental tobacco smoke (ETS). Table 2 contains unadjusted associations between each of the nine candidate SNPs and persistent cough or wheeze. Individual SNPs were in Hardy-Weinberg equilibrium (p > 0.05 for the χ 2 test). Having a C nucleotide at aa 19 in SFTPA1 was associated with greater frequency of wheeze. The G nucleotide at aa 133 was associated with both wheeze and persistent cough during the first year of life. We did not find any significant associations between each of the nine SNPs and personal characteristics listed in Table 1 . Table  3 . The five SNPs in SFTPA1 were in linkage disequilibrium as were the four SNPs in SFTPA2 (p < 0.0001, χ 2 test of allelic associations).
The most common SFTPA1 allele haplotypes among white infants in our study population were 6A 2 , 6A 3 , 6A 4 , and 6A in order of decreasing frequency. All others made up 8% of the SFTPA1 alleles. 1A 0 was the most common SFTPA2 allele followed in order by 1A 1 , 1A 2 , 1A, 1A 5 , 1A 6 , and 1A 3 . All others combined made up 4% of the SFTPA2 alleles.
Significant associations were found between specific allele haplotypes and frequency of persistent cough or wheeze during the first year of life (Table 3 ). The 6A haplotype of SFTPA1 was a risk factor for both persistent cough and wheeze: infants with this haplotype (an estimated 6% of this group of white infants) were 3.7 to 4.7 times more likely to experience an additional week of persistent cough or wheeze, respectively, during their first year than infants without this haplotype.
SFTPA1 and SFTPA2 alleles are known to be in strong linkage disequilibrium [24, 25] . This was also true in our population of white infants in a general test of allelic associations (p < 0.0001, χ 2 test), although pairwise linkage 6 1.7% (0.5 -2. disequilibrium measures (r 2 ) for SNPs within SFTPA reveal a spectrum of associations from r 2 = 0 to 0.6 ( Fig.  1 ). An examination of SFTPA1 and SFTPA2 alleles together indicates that infants with the 6A/1A haplotype, an estimated 5.4% of this group, were over 3 times more likely to experience an additional week of persistent cough and/or wheeze during their first year than infants without this haplotype (Table 3) .
Discussion and conclusion
Results from our study suggest that the 6A allele haplotype of SFTPA1 and the 6A/1A haplotype of SFTPA are associated with increased risk for wheeze and persistent cough among infants at risk for asthma. To our knowledge, this is the first study examining the association of polymorphisms in SFTPA with persistent cough and wheeze in infants. Respiratory symptoms may be triggered by bacterial or viral respiratory infections or exposure to environmental contaminants. This is certainly true for children in our birth cohort [2, 3, 19] . As reported previously [2] , among all children in our birth cohort, infants whose mothers reported respiratory illnesses including bronchitis, bronchiolitis, pneumonia, or croup, were 3 to 5 times more likely to experience persistent cough or wheeze in the first year of life than infants who had no respiratory illness in their first year. Among these same infants, respiratory symptoms have also been linked to household exposures such as NO 2 [3] and mold [2, 19] .
SFTPA likely plays multiple pleiotropic roles in the pathophysiology of the lung. All infants in our cohort have at least one sibling with asthma and one-third have asthmatic mothers (Table 1) . Two-thirds of the infants have mothers with allergies ( Table 1 ). The children in our cohort experienced high rates of wheeze (46%) during their first year of life ( . With the notable exception of the SFTPA1 allele haplotype 6A, the distribution of SFTPA1 and SFTPA2 haplotypes in our sample of white infants is similar to that of white Americans in the general population. The general population frequency for 6A of 9.3% is higher than the 95% confidence interval for our estimate of 6.1% (95% CI 4.0-8.3), which may indicate a true difference in frequency for this allele haplotype among our group of infants.
The functional significance of specific changes in nucleotide sequence within SFTPA genes has not been well studied. SFTPA is a member of the collectin family and recognizes carbohydrates on the surface of pathogens via their carbohydrate recognition domain [35] . Allele 6A is the only common haplotype in our population with an alanine at aa 19 and a G at aa 133. The SNP at aa 133 is silent, however, aa 19 is in the N terminal region of SFTPA1 and an alanine in this region could conceivably impact binding to pathogens or aeroallergens. Further experiments are needed to identify whether amino acid changes in this region impact the biological properties of SFTPA. Alternatively, the 6A haplotype may simply be a marker for additional uncharacterized functional polymorphisms in our cohort.
Strengths of this study include the prospective study design and the well characterized demographic, illness, and environmental exposure information for the infant cohort. Mothers in this study were likely capable of accurately reporting respiratory symptoms due to their familiarity with wheeze and persistent cough in the older asthmatic child. Haplotype analyses often use the "most likely" haplotype and seldom include adjustments for uncertainty in haplotype assignment. We used regression calibration techniques that incorporate this uncertainty into estimates of the effect resulting in more conservative estimates of the true associations between SFTPA and persistent cough or wheeze during the first year of life.
Our results support the importance of SFTPA in modulating respiratory symptoms in infants. Persistent cough and wheeze may result from a variety of exposures and the multifunctional nature of SFTPA indicates that it protects the lung under a variety of conditions. The 6A/1A haplotype may have a functional role in pathogenic processes, or may be linked to unmeasured markers that are causal. Future studies should replicate these observations and examine polymorphisms within SFTPA among additional racial and ethnic groups.
